We report the existence of partial reproductive isolation between two natural populations of the flour beetle, Tribolium confusum, collected in Kaduna, Nigeria and Zagreb, Croatia. When a female from either population is paired with a single sympatric or allopatric male, she produces near normal numbers of semifertile offspring. However, when females are multiply mated with allopatric and sympatric males, the sympatric males sire the large majority of offspring. When measured in offspring numbers, the mean relative fitness of allopatric males is 0.425 with Nigerian females and 0.085 with Croatian females. Thus, the reproductive isolation is reciprocal but asymmetric. Behavioural observations indicate that only a fraction of mating attempts by allopatric males are successful because females do not become quiescent as often when mounted by allopatric males. The premating isolation is also reciprocal but asymmetric: Nigerian females are more accepting of allopatric males as mates than are Croatian females. The prezygotic behavioural isolation between these two populations is different from the postmating, prezygotic isolation observed between two other species in the genus, T castaneum and T freemani. Furthermore, the T confusum interpopulation hybrids are fertile although they exhibit a weak female bias.
Introduction
The process of speciation converts genetic variation within populations into permanent genetic variation between populations (Lewontin, 1974) . The acquisition of an intrinsic genetic mechanism for reproductive isolation between populations is a landmark event in the speciation process because, by restricting further gene flow, all subsequent genetic changes occur independently in different populations and are diversifying. Reproductive isolation is generally thought to develop by the gradual accumulation of genetic differences between populations as a byproduct of other adaptive or neutral genetic changes in allopatry (Dobzhansky, 1937; Muller, 1942; Mayr, 1963; Charlesworth et al., 1987; Coyne, 1992 Coyne, , 1993 Wu & Davis, 1993) . Some subset of these changes within populations is believed to confer incompatibility when combined by hybridization between the populations.
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arise frequently between allopatric populations (Mayr, 1963) owing to sexual selection (Kaneshiro, 1983) or random genetic drift (Carson & Templeton, 1984) . We report our finding of partial and reciprocal prezygotic reproductive isolation between allopatric populations of Tribohium confusum recently collected from Kaduna, Nigeria and Zagreb, Croatia. This beetle is a human commensal pest found worldwide in grain and other stored products (Sokoloff, 1974) . This species has been placed in a separate dade from the T castaneum species group, which includes T freemani, based upon morphological, genetic, karyotypic and molecular data (Hinton, 1948; Sokoloff, 1974; Brownlee & Sokoloff, 1988; Juan et al., 1993; . The sterile interspecific hybrids between T castaneum and T freemani have been studied in a series of papers (Wade et a!., 1993 Robinson et a!., 1994; . These two species exhibit reciprocal postmating, prezygotic reproductive isolation (Robinson et al., 1994; . T confusum has not been reported to hybridize with other species in the genus nor has reproductive iso-lation among different populations of this species been reported. Mating in T confusum occurs without elaborate courtship and the average copulation duration is 45 seconds (Park, 1933; Shrode, 1960; Sokoloff, 1974) .
Both sexes will mate several times an hour (Park, 1933) . Males appear to exhibit indiscriminate mating and will 'attempt copulation with other males, dead beetles of both sexes, or with any object, such as a lump of flour of frass, which looks like a beetle' (Sokoloff, 1974, p. 201) . Premating reproductive isolation between species has not been reported in the genus or between allopatric populations of the same species although frequency-dependent differences in mating and fertilization success between male genotypes have been reported for both T castaneum and T confusum (Sinnock, 1970; Vardell & Brower, 1978; Lewis & Austad, 1990 (Wade & Chang, 1995) indicated that the Ng strain does not harbour the endosymbiont, Wolbachia pzientis, and, in these experiments, we used a strain of Cr that had been cured of this endosymbiont (Wade & Stevens, 1985; Stevens & Wade, 1990; Wade & Chung, 1995) . The Cr stock is also segregating at an autosomal locus for alleles affecting body colour (Wade & Chang, 1995) . In these experiments, we used Cr beetles homozygous, or b/b, for the black body colour. This body colour marker does not appear to have significant fitness effects at the frequencies and densities studied here (cf. Fig. 1 in Wade & Chang, 1995 vials were stoppered and husbanded in a darkened incubator maintained at the standard conditions of 29°C and 70 per cent relative humidity. After two weeks, the adults were sifted from the medium, transferred to a fresh vial of medium, and permitted to reproduce for a second two-week period. All adults were sifted from these second vials after two weeks. After a maturation period of approximately 40 days, the progeny in each vial were censused and genotyped. In the Cr female treatments, all +/b heterozygous progeny were sired by the Ng males while all bib progeny were sired by the Cr males. In the Ng female treatments, all heterozygous +/b progeny were sired by the Cr males while all homozygous + / + progeny were sired by the Ng males. Thus, in both cases, the offspring of the allopatric male were +Ib heterozygotes. We also investigated the sex ratios of the pure strain and interstrain offspring. To obtain large sample sizes, we pooled data from these crosses with the (1, 1) crosses from the Multiple-male Experiments (see below). Only the offspring from the Ng x Cr cross showed a weak but statistically significant bias toward hybrid females (Table 2 ). This bias is weaker than any reported for hybrids from crosses between T castaneum males and T freemani females but equivalent to that reported for the cross between T freemani males and females from a mutant strain (c-pl) of T castaneum (cf. Multiple-male experiment The numbers of offspring sired by the allopatric and sympatric males for each type of female are given in Table 3 as the average numbers of offspring produced per 2 weeks per replicate per treatment with one standard error (SE). We pooled the two observation periods because the average treatment difference in productivity between the first and second periods was only 1.10 offspring (4.83 SE). The Ng females produced an average of 111.1 offspring in 14 days with a single sympatric male, comparable to and not statistically different from the average number of offspring that an Ng female produces with an allopatric Cr male, 115.4, in the same period of time. The productivity of single pairs permitted to reproduce for 30 days is less than that of single pairs permitted to reproduce for 14 days (compare Tables  1 and 3 ). When adults are permitted to reproduce in a vial for a limited period, a more uniformly aged cohort of developing larvae results. This changes many of the density-dependent effects which occur when adults are permitted a longer period of reproduction and the resulting population consists of a mixed age cohort of adults, large larvae, small larvae, and eggs (Wade, 1976; McCauley & Wade, 1980) . We conclude from these offspring numbers and those in Table 1 that the Ng and Cr geographical strains are fully interfertile. However, when one Ng male and one Cr male are present simultaneously, the sympatric (Ng) male sires 87 per cent of the progeny. Indeed, in every treatment, the sympatric (Ng) males sire many more progeny than would be expected based on their relative numbers. Whenever allopatric and sympatric males are present simultaneously, the allopatric male produces fewer progeny than expected (see Table 3 , column in bold).
A Croatian female produces twice as many offspring with a sympatric (Cr) male as with an allopatnc (Ng) male (86.3 vs. 43.3, respectively). However, similar to the Ng females, whenever allopatric and sympatric males are present simultaneously with a Cr female, the allopatric male(s) sire very few offspring, only 1-3 per Ng male (cf. lower half of Table   3 ). The reduction in offspring numbers of the allopatric males is proportionately greater for Cr females than it is for Nigerian females.
These populations exhibit partial reciprocal reproductive isolation from one another when both allopatric and sympatric males are present but not when confined in the so-called 'no choice' situation (Coyne, 1993; Scott, 1994) with only allopatric males. The reduction in relative fitness of allopatric males when in direct reproductive competition with sympatric males is large (Table 4 ). The relative fitness of allopatric males varies with male density. The reduction is greatest when there are two males and smallest when there are six competing males. There are no trends, such as one that might favour a rare male type, within densities. 
Discussion
The reduced fitness of allopatric males in the presence of sympatric males appears to result from aspects of premating mate choice by females that favour sympatric over allopatric mates. It could also be owing to differences occurring during very early courtship (Eberhard, 1994) . In contrast, fertilization in interpopulation pairings in the absence of sympatric males is normal because we observed no differences between females paired with single allopatric or sympatric males ( heritable basis of this sire effect on offspring numbers. We observed no postmating reproductive isolation between populations in this species of flour beetles. These findings are different from those previously reported in crosses between two other species in this genus, T castaneum and T freemani. In this pairing, the isolation is postmating but prezygotic (Wade et al., 1993; Robinson et al., 1994) and hybrids of both sexes are sterile . Furthermore, the interspecific hybrids exhibit Haldane's rule in that hybrid males are infrequent and also tend to be morphologically deformed . In one respect, however, the findings are similar. When females are not given a choice of mates, interspecific pairs produce normal numbers of offpsring. The pre-zygotic isolation appears only when females are presented with males of both species as mates. Similar studies in crickets (Howard & Gregory, 1993) , grasshoppers (Hewitt et al., 1989; Bella et al., 1992) , and some plants (Walsh & Charlesworth, 1992) , indicate that some kinds of prezygotic isolation can be detected only in 'choice' experiments where more than one kind of male is available for mating or fertilization. No-choice tests for isolation can be effective in some species (e.g. Coyne, 1993; Scott, 1994 ) but they will overlook the kind of isolation reported here and in these other studies.
For this particular pair of allopatric populations, the isolation is reciprocal but asymmetric. Croatian females are much less accepting of Nigerian males than Nigerian females are of Croatian males. However, the premating isolation is reinforced by postzygotic incompatibility that occurs in the Cr x Ng cross owing to the presence of Wolbachia in the Croatian strain (Stevens & Wade, 1990) and its absence in the Nigerian strain. With uninfected Nigerian females, the fitness of successfully mating but infected Croatian males would be reduced postmating to zero, a level of isolation comparable to that seen in the reciprocal cross. Furthermore, this microbe-mediated incompatibility does not depend upon the opportunity for female mate choice since it occurs independently of the presence of sympatric Nigerian males. The unidirectional cytoplasmic incompatibility with Wolbachia enhances the barrier to gene flow and makes the reproductive isolation of these two allopatric populations nearly complete and symmetric. Dobzhansky (1940 Dobzhansky ( , 1970 presented the 'reinforcement' model, in which natural selection can play a direct role in establishing premating reproductive isolation between populations once partial but not complete postmating reproductive isolation had arisen by the pleiotropic effects of other adaptive or neutral changes. Although the importance of Dobzhansky's reinforcement model for the evolution of reproductive isolation between natural populations remains controversial (Littlejohn, 1981; Butlin, 1987 Butlin, , 1989 Coyne & Orr, 1989; Howard, 1993) , it is not very important in this instance because we observed no postmating reproductive isolation between these two populations. It is an example of prezygotic isolation arising in allopatry prior to detectable postmating isolation.
